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VFKHPHVDUH VXJJHVWHGDVDZD\ WRSURPRWH WKHXVHRISXEOLF WUDQVSRUWDQG WKHJUDGXDO LQWURGXFWLRQRI
DOWHUQDWLYH SURSXOVLRQ V\VWHPV (XURSHDQ&RPPLVVLRQ +RZHYHU WKH LQWURGXFWLRQ RI H[WHQVLYH
QDWLRQDOURDGSULFLQJV\VWHPVVKRXOGLQYROYHFDUHIXOLPSDFWDQDO\VLV6WHLQLQJHUHWDO5HJDUGLQJ
VXVWDLQDELOLW\ LPSDFW DVVHVVPHQW WKH (XURSHDQ 8QLRQ (8 UHTXHVWV D GHWDLOHG HYDOXDWLRQ RI WKH IXOO
HIIHFWVRIDSROLF\SURSRVDO WKDWVKRXOGFRPSULVH WKHHVWLPDWLRQRIHFRQRPLFHQYLURQPHQWDODQGVRFLDO
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 ,Q WHUPV RI HQYLURQPHQWDO LPSDFWV VHYHUDO VWXGLHV KDYH
IRFXVHG RQ WKH HPLVVLRQV LPSDFW DVVHVVPHQW RI FRUGRQ WROOV LQWURGXFWLRQ LQ XUEDQ DUHDV %XUHDX DQG
*ODFKDQW0HODQGHWDO0LWFKHOOHWDO5RWDULVHWDO,WKDVEHHQGHPRQVWUDWHG
WKDW URDGSULFLQJVKRZVSRWHQWLDO DVDQDLUTXDOLW\PDQDJHPHQW WRRO+RZHYHU WKHDXWKRUVGLGQRW ILQG
UHVHDUFKIRFXVHGRQWKHLPSDFWRIWROOVLQWURGXFWLRQLQLQWHUFLW\FRUULGRUV7KHUHIRUHWKHLQWURGXFWLRQRI
WROOV RQ D PRWRUZD\ LQ 3RUWXJDO ZDV D YDOXDEOH RSSRUWXQLW\ WR VWXG\ LWV FRQVHTXHQFHV LQ GLIIHUHQW
FRQWH[WV0RUHVSHFLILFDOO\WKLVVWXG\DLPVWRDQVZHUWKHIROORZLQJTXHVWLRQV+RZFDQLQWURGXFWLRQ
RIWROOVFKDQJHWUDIILFGLVWULEXWLRQLQDQHWZRUN"+RZGRVSHHGSURILOHVFKDQJHRQYDULRXVURXWHV"
:KDWDUHWKHFKDQJHVLQ&212;&2DQG+&HPLVVLRQVDQGIXHOFRQVXPSWLRQ"
0HWKRGRORJ\
6WXG\DUHDGHVFULSWLRQ
'XH WR ILQDQFLDO FRQVWUDLQWV D QHZ HOHFWURQLF WROO FROOHFWLQJ V\VWHPKDV EHHQ LQWURGXFHG RQ VHYHUDO
PRWRUZD\V LQ3RUWXJDO ZKLFKZDV WROO IUHHEHIRUH2FWREHU  2QHRI WKHVH FDVHV LV WKH$
PRWRUZD\ZKLFKFRQQHFWVWKHFLWLHVRI$YHLURDQG2SRUWR7RFRQQHFWWKHVHFLWLHVWKHUHDUHIRXUSDUDOOHO
DOWHUQDWLYHVURDGV$$1DQG1WKDWFDQEHDFFHVVHGYLD$VHH)LJD,QDGGLWLRQDUDLO
V\VWHPZLWKGDLO\FRQQHFWLRQV&3LVDYDLODEOHDVDQDOWHUQDWLYH7DEOHSURYLGHVNH\IHDWXUHV
RIWKHDOWHUQDWLYHURXWHVEHWZHHQ$YHLURDQG2SRUWR7KHQDWLRQDOURDG1UXQVQRUWKWKURXJKWRZQVDQG
LQGXVWULDO]RQHVZLWKDVLJQLILFDQWQXPEHURIUDPSVDQGLQWHUVHFWLRQV1HYHUWKHOHVVWKHUHDUHVRPHODQH
VHJPHQWV E\SDVVLQJ LQWHUPHGLDWH WRZQV ZKLFK PDNH WKLV URXWH IDVWHU WKDQ WKH QDWLRQDO URDG 1
$OWKRXJK1LVWKHVKRUWHVWURXWH LW LV WKHVORZHVWRSWLRQVLQFHRILWVGLVWDQFHLVGULYHQWKURXJK
XUEDQL]HGDUHDV7KHDOWHUQDWLYHURXWHVEDVHGRQPRWRUZD\VKDYHVLPLODUOHQJWKV
7KHVWXG\DUHDZDVGLYLGHGLQWRVHFWLRQV66EDVHGRQWKHODWLWXGHRIWKH$LQWHUFKDQJHVDQG
FRLQFLGLQJZLWK WKHPDLQ HDVWZHVW D[HV WKDW FURVV WKH IRXUPDLQ DOWHUQDWLYH URXWHV )LJ D)LJ E
VKRZV WKH$'7RQWKHPRWRUZD\VEHIRUHDQGDIWHUWROOV LQWURGXFWLRQEDVHGRQGDWD IRUWKHODVWPRQWKV
EHIRUHDQGDIWHUWROOVLQWURGXFWLRQ1RY±'HF±-DQ±0DU8QWLO6HSWHPEHU
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
)LJ D6WXG\ URXWHVPDS E$'7 WUDIILFEHIRUH %DQGDIWHU $ WROOV LQWURGXFWLRQRQ$$DQG F  HVWLPDWHG$'7 LQ
11VHFWLRQVEDVHGRQ(3DQGQRLV\UHSRUWV

$IWHU WKH LQWURGXFWLRQ RI WROOV LW LV VWLOO XQFOHDU WKH QXPEHU RI GULYHUV WKDW KDYH DEDQGRQHG WKH
PRWRUZD\VDQGVHOHFWHGRWKHURSWLRQVLQFOXGLQJWKHWUDIILFGLYHUVLRQWRDOWHUQDWLYHIUHHWROOURDGVFKDQJHV
IRURWKHUPRGHVRUGHVWLQDWLRQVDQGFDQFHOOHGWULSV7KXV WKHHUURUEDUVVHWVWKHSRVVLEOHPD[LPXPDQG
PLQLPXPUDQJHYDOXHVRIWKH$'7DIWHUWKHLQWURGXFWLRQRIWROOV,WVKRXOGEHQRWHGWKDWWKHDXWKRUVDUH
FRQGXFWLQJ WUDIILF FRXQWV LQ NH\ SRLQWV RI 1 DQG1 GXULQJ WKH ILUVW VHPHVWHU RI  LQ RUGHU WR
SURYLGHPRUHDFFXUDWHHVWLPDWHV

)LJSURYLGHVDVFKHPHRIWKHWUDIILFIORZVVWXGLHGLQWKLVSDSHU7KLVUHVHDUFKIRFXVHGVSHFLILFDOO\
RQWKHLPSDFWVFDXVHGE\WKHWUDIILFGLYHUVLRQIURP$WRWKHDOWHUQDWLYHURDGVLHRQWKHFRPSDULVRQRI
HPLVVLRQVDQGIXHOFRQVXPSWLRQRIWKHWUDIILFIORZV³[´³\´DQG³]´EHIRUHDQGDIWHUWROOVLQWURGXFWLRQRQ
$6LQFHQRUHOLDEOHWUDIILFGDWDRQWKH1DQGWKH1ZHUHDYDLODEOHGLIIHUHQWVFHQDULRVRIWUDIILF
GLVWULEXWLRQDPRQJWKHQDWLRQDOURDGVZHUHSHUIRUPHG7KHQXPEHURIGULYHUVWKDWFKDQJHGWRWKH$DIWHU
WROOV LQWURGXFWLRQ RQ $ ZDV FDOFXODWHG EDVHG RQ WKH WUDIILF LQFUHDVH REVHUYHG RQ WKH $ 7KLV
DVVXPSWLRQLVVWUHQJWKHQHGE\WKHIDFWWKDWWKH$'7ZDVUHODWLYHO\VWDEOHEHIRUHWKHLQWURGXFWLRQRIWROOV
DQG WKHUHZHUH QR VLJQLILFDQW FKDQJHV LQ WKH WUDQVSRUW QHWZRUN'XULQJ WKH ODVW TXDUWHU RI  
LQFUHDVHLQUDLOSDVVHQJHUVZDVREVHUYHGLQUDLOV\VWHPSDUDOOHOWRWKHSUHYLRXVIUHHPRWRUZD\V+RZHYHU
WKHHIIHFWRIWKHUHFHQWULVHVLQSXEOLFWUDQVSRUWDWLRQIHHVDQGWKHUHGXFWLRQLQGHPDQGFDXVHGE\URDGZD\
WROOV DQG IXHO FRVWV LQFUHDVH DUH VWLOO XQNQRZQ 7KH OLWHUDWXUH SURYLGHV YDOXHV RI HODVWLFLW\ RI WUDIILF
YROXPHV WR WROOV WKDW YDU\ W\SLFDOO\ IURP  WR  GHSHQGLQJ RQ FRQGLWLRQV 6SHDUV HW DO 
+RZHYHU FRQVLGHULQJ WKH KLJK GHJUHH RI XQFHUWDLQW\ WKLV VWXG\ ZLOO DOVR SUHVHQW GLIIHUHQW VFHQDULRV
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FRQVLGHULQJVHYHUDOOHYHOVRIWUDIILFUHGXFWLRQ,WZDVDVVXPHGWKDWWUDIILFDWSHDNKRXUVLVRI$'7
&RVWDDQG0DFHGRDQGWKHWUDIILFIOHHWFRPSRVLWLRQUHPDLQVLGHQWLFDODIWHUWROOVLQWURGXFWLRQ

 

;L $'7 WKDWXVHG WR WUDYHORQVHFWLRQVLRI$DQGFKDQJHG WR$ <L $'7 WKDWXVHG WR WUDYHORQ
VHFWLRQVLRI$DQGFKDQJHGWR1=L$'7WKDWXVHGWRWUDYHORQVHFWLRQVLRI$DQGFKDQJHGWR
175$'7WKDWXVHGWRWUDYHORQVHFWLRQVLRI$DQGFKDQJHGWRRWKHUPRGHVFDQFHOOHGWKHWULS

)LJ6FKHPHRIWKHVWXGLHGWUDIILFIORZV

7R FKDUDFWHUL]H IOHHW FRPSRVLWLRQ QDPHO\ GLHVHO DQG JDVROLQH SDVVHQJHU YHKLFOHV SURSRUWLRQ
VWDWLVWLFDOGDWDRI3RUWXJXHVH$XWRPRWLYH&RPPHUFLDO$VVRFLDWLRQ$&$3ZHUHXVHG7KXVLWZDV
FRQVLGHUHG WKDW OLJKW GXW\ JDVROLQH YHKLFOHV /'*9 DQG OLJKW GXW\ GLHVHO YHKLFOHV /''9 UHSUHVHQW
DQGRIWKHOLJKWGXW\IOHHWFRPSRVLWLRQUHVSHFWLYHO\6LQFHWKLVUHVHDUFKLVIRFXVHGRQ/LJKW
'XW\9HKLFOHVKHDY\YHKLFOHVDQGPRWRUF\FOHVZHUHQRWFRQVLGHUHG$FFRUGLQJWUDIILFGDWDRQDVRXWKHUQ
VHFWLRQRI1/'9UHSUHVHQWRIWKHIOHHWFRPSRVLWLRQ(3

)LHOGGDWDFROOHFWLRQ
'XULQJH[SHULPHQWDOWHVWVYHKLFOHVG\QDPLFVZHUHJDWKHUHGVHFRQGE\VHFRQGXVLQJ*36GDWDORJJHU
GHYLFHVZLWKDUHVROXWLRQRI+]0RUHRYHUYLGHRWDSHVZHUHSHUIRUPHGLQRUGHUWRLGHQWLI\WKHFULWLFDO
]RQHVDQGLQFLGHQWVWKDWPD\DIIHFWHPLVVLRQV  7KUHHGLVWLQFWGDWDVHWVZHUHFROOHFWHGIRUDOOURXWHV LQ
ERWKGLUHFWLRQV13+WHVWV1RQ3HDN+RXU)HEUXDU\0DUFKDQG$SULO3+%WHVWV3HDN+RXU
%HIRUH WRROV LQWURGXFWLRQ  6HSWHPEHU DQG 2FWREHU   3+$ WHVWV 3HDN +RXU $IWHU WRROV
LQWURGXFWLRQ  )HEUXDU\0DUFK DQG $SULO   %DVHG RQ KRXUO\ YDULDWLRQ RI WUDIILF YROXPH ,1(
 WKHSHDNSHULRGZDVFRQVLGHUHG WRRFFXUEHWZHHQ$0DQG306RDOO WULSV
ZKRVHGHSDUWXUHWLPHZDVZLWKLQWKLVWLPHLQWHUYDOZHUHFRQVLGHUHGDVSHDNKRXUWHVWUXQV7KHRIISHDN
WHVWUXQVZHUHFRQGXFWHGEHWZHHQ$0307KUHHGLIIHUHQWGULYHUVZHUHXVHGDQGDOORIWKHP
WULHGWRNHHSWKHDYHUDJHVSHHGRIWKHWUDIILFIORZDQGDYRLGVWURQJDFFHOHUDWLRQV(YHQWKRXJKGULYHU¶V
EHKDYLRXUVFDQRULJLQDWHVRPHGLIIHUHQFHVLQHPLVVLRQVWKHURXWHVHOHFWLRQLVWKHPDLQIDFWRUFRQWUROOLQJ
HPLVVLRQV%DQGHLUDHWDO

7DEOHLQGLFDWHVWKHQXPEHURIWHVWVDVZHOOWUDYHOWLPHVDQGDYHUDJHVSHHGGDWDDFFRUGLQJURXWHDQG
SHULRG $OO ILHOG WHVWV FRQVLGHUHG LQ WKH VWXG\ ZHUH FDUULHG RXW GXULQJ ZHHNGD\V XQGHU GU\ ZHDWKHU
FRQGLWLRQV'XHWRUDLQ\ZHDWKHUURDGZRUNVRUURDGDFFLGHQWVWKHVHWRIYDOLG3+%WHVWVRQ$DQG1
ZDV UDWKHU OLPLWHG  ,W LV SRVVLEOH WR YHULI\ WKDW WKH WROOIUHH DOWHUQDWLYH URDGV1 DQG1 OHDG WR D
FRQVLGHUDEOHLQFUHDVHLQWUDYHOWLPH:KLOHWKHLQWURGXFWLRQRIWROOVKDVFDXVHGDUHGXFWLRQLQWUDYHOWLPHV
RQ $ QR VLJQLILFDQW FKDQJHV ZHUH REVHUYHG DPRQJ WKH DOWHUQDWLYH URXWHV $OWKRXJK WKH GDWD ILHOG
FROOHFWLRQ WRRN SODFH EHWZHHQ WKH $YHLUR DQG 3RUWR FLW\ FHQWUHV WKLV SDSHU ZLOO IRFXV HVVHQWLDOO\ RQ
VHFWLRQV6WR6WKDWFRQWDLQ$VHFWLRQVZLWKQHZHOHFWURQLFWROOV
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
7DEOH1XPEHURIWHVWUXQVQVSHHGDQGWUDYHOWLPHVGXULQJILHOGGDWDFROOHFWLRQP±PHDQ33HUFHQWLOH
5RXWH
13+ 3+% 3+$
P 3 P 3 P 3 P 3 P 3 P 3
$      ϰϵ    ϵϲ ϭϬϯ ϵϱ ϭϬϬ ϵϭ ϵϲ
$  ϴ        ϵϭ ϭϬϭ ϳϱ ϵϯ ϵϬ ϵϱ
1          ϲϱ ϳϭ ϱϰ ϱϳ ϱϲ ϲϮ
1          ϰϲ ϰϵ ϰϮ ϰϳ ϰϭ ϰϱ
$YHUDJH6SHHGNPK
13+ 3+% 3+$3+$
7UDYHOWLPHPLQQ
13+ 3+%

(PLVVLRQHVWLPDWLRQ
3UHYLRXV UHVHDUFK KDV GHPRQVWUDWHG WKDW PLFURVFDOH HPLVVLRQV PRGHOV DUH PRUH UHVSRQVLYH WR
YDULDWLRQVLQWUDIILFG\QDPLFVDQGURDGZD\FRQJHVWLRQ$KQDQG5DNKD,QWKLVVWXG\WKH9HKLFOH
6SHFLILF3RZHU963PLFURVFDOHDSSURDFKZDVXVHG7KLVPHWKRGRORJ\LVEDVHGRQWKHYHKLFOHVHFRQG
E\VHFRQG VSHHG DFFHOHUDWLRQ DQG VORSH DQG KDV SURYHQ WR EH YHU\ XVHIXO LQ HVWLPDWLQJ PLFURVFDOH
HPLVVLRQVLQJDVROLQHYHKLFOHV86(QYLURQPHQWDO3URWHFWLRQ$JHQF\(3$DQGGLHVHOYHKLFOHV
&RHOKR HW DO   0RUHRYHU WKH 963 DSSURDFK KDV SURYHQ WR EH XVHIXO WR VWDQGDUGL]H WKH
FRPSDULVRQVRIHPLVVLRQUDWHVIRUGLIIHUHQWYHKLFOHVDQGURXWHV)UH\HWDO7KH963YDOXHVZHUH
FDWHJRUL]HGLQPRGHVDQGDQHPLVVLRQIDFWRUIRUHDFKPRGHZDVXVHGWRHVWLPDWHSROOXWDQWVHPLVVLRQV
&2 &2 12; DQG +& IURP /LJKW 'LHVHO 'XW\ 9HKLFOHV /''9 / DQG /LJKW *DVROLQH 'XW\
9HKLFOHV /'*9/  7KH FDOFXODWLRQ RI WKH 963 YDULDEOH IROORZV WKH HTXDWLRQ  KRZHYHU D
FRPSUHKHQVLYH GHVFULSWLRQ DQG DYHUDJH HPLVVLRQV UDWHV XVHG LQ WKLV UHVHDUFK FDQ EH IRXQG HOVHZKHUH
&RHOKRHWDO3DODFLRV86(QYLURQPHQWDO3URWHFWLRQ$JHQF\(3$

963 Y>DVLQDUFWDQJUDGH@îY
ZKHUH
963 9HKLFOH6SHFLILF3RZHUN:WRQY VSHHGPVD DFFHOHUDWLRQPV*UDGH URDGJUDGH
5HVXOWV
$YHUDJHVSHHGDQGHPLVVLRQVSHUVHFWLRQ
)LJXUH  D VKRZV WKH DYHUDJH VSHHG RQ WZR UHSUHVHQWDWLYH VHFWLRQV 6 DQG 6 URXWHV DQG WLPH
SHULRG LQZKLFK WKH WHVW UXQZHUHFDUULHGRXW)LJXUHEDQGF VKRZV WKHDYHUDJH WRWDO&2DQG&2
HPLVVLRQVSURGXFHGIRUDJHQHULF/'*9)RUERWKVHFWLRQVLWLVFOHDUWKDWWKHVSHHGLVPDLQO\GHSHQGHQW
RQWKHURXWHFKRLFH+RZHYHUDKLJKHUYDULDELOLW\LQVHFWLRQZDVQRWLFHGGXHWRKLJKHUFRQJHVWLRQOHYHOV
QHDU2SRUWR VXEXUEV  7KHDYHUDJH VSHHGRQ$ LV KLJKHUDIWHU WROOV LQWURGXFWLRQGXH WR WKHDYHUDJH
GHFUHDVHLQWKHWUDIILFYROXPH'XULQJSHDNKRXUWKLVGLIIHUHQFHLVVWDWLVWLFDOO\VLJQLILFDQWS 
RQ VHFWLRQ  RI $ ZKHUH D KLJKHU UHGXFWLRQ RI WUDIILF YROXPH ZDV GHWHFWHG  ,Q IDFW DIWHU WKH
LQWURGXFWLRQ RI WROOV D IUHH IORZ UHJLPH LV REVHUYHG RQ ERWK PRWRUZD\V 2Q WKH RWKHU KDQG D VOLJKW
GHFUHDVHLQDYHUDJHVSHHGEXWQRWVWDWLVWLFDOO\VLJQLILFDQWZDVREVHUYHGRQ1,WLVFOHDUWKDWIRUDOO
VHFWLRQVWKHPRWRUZD\RSWLRQV$DQG$OHDGWR&2VDYLQJVZKHQFRPSDUHGZLWKWKHQDWLRQDOURDGV
1DQG1 +RZHYHU UHJDUGLQJ&2HPLVVLRQVDQRSSRVLWH WUHQG LVREVHUYHG0RUHRYHU12;DQG
+&HPLVVLRQVVKRZDVLPLODUWUHQGDV&2$FRPSUHKHQVLYHDQDO\VLVRIWKHWLPHVSHQWLQHDFKGULYLQJ
963PRGH VKRZHG WKDW WKH KLJKHU IUHTXHQF\ RI KLJK963PRGHV RQPRWRUZD\V OHDGV WR D VLJQLILFDQW
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LQFUHDVHLQORFDOSROOXWDQWHPLVVLRQV2QWKHRWKHUKDQGWKHKLJKHUWUDYHOWLPHDQGDKLJKRFFXUUHQFHRI
963PRGHDQGFDXVHGE\VLWXDWLRQVRILGOLQJDQGVORZVSHHGVRQQDWLRQDOURDGVOHDGWRDQLQFUHDVH
LQ IXHOFRQVXPSWLRQDQG&2HPLVVLRQV(PLVVLRQVIDFWRUVSHU OLQNDUHDOVRSULPDULO\GHSHQGHQWRQ WKH
URXWHFKRLFHZKHUHDVWKHWLPHSHULRGGRHVQRWKDYHDVLJQLILFDQWLPSDFW
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)LJD$YHUDJHVSHHGE&2DQGF&2HPLVVLRQVIRU/'*9DFFRUGLQJWRVHFWLRQURXWHDQGSHULRGLQFOXGHV7VWXGHQW
FRQILGHQFHLQWHUYDOV

D
E
F
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(PLVVLRQVDQGIXHOFRQVXPSWLRQLPSDFWRIWROOVLQWURGXFWLRQ
7KHLPSDFWRIWROOVLQWURGXFWLRQLQWHUPVRIHPLVVLRQVDQGIXHOFRQVXPSWLRQZDVDQDO\]HGWDNLQJLQWR
DFFRXQW WKH WUDIILF GLYHUVLRQ IURP$ WR WKH DOWHUQDWLYH URXWHV ,W VKRXOG EH QRWHG WKDW RQ DOWHUQDWLYH
URXWHV QR VWDWLVWLFDOO\ VLJQLILFDQW  OHYHO GLIIHUHQFHV LQ HPLVVLRQV IDFWRUVZHUH IRXQG UHJDUGLQJ WKH
LQWURGXFWLRQRIWROOVGXULQJSHDNKRXUSHULRGV7KLVFDQEHH[SODLQHGEHFDXVHD$PRWRUZD\DEVRUEHGD
VXEVWDQWLDO SRUWLRQ RI WKH WUDIILF DQG KDG HQRXJK FDSDFLW\ WR DFFRPPRGDWH WKH H[WUD GHPDQG E WKH
UHPDLQLQJWUDIILFZDVGLVWULEXWHGHYHQO\RQDOWHUQDWLYHURDGVZLWKRXWVLJQLILFDQWO\LQFUHDVLQJWUDIILFIORZV
$URXJKHVWLPDWLRQZDVFDUULHGRXWRIWKHWUDIILFYROXPHVSHUKRXUWKHGXULQJSHDNSHULRG,WZDVIRXQG
WKDWDIWHUWKHLQWURGXFWLRQRIWROOV WKHWUDIILFYROXPHVSHUKRXUODQHPD\QRWH[FHHGYHKLFOHVRYHU
WKHVHFWLRQVRI1DQG17KLVIDFWVXJJHVWVWKDWWKHFDSDFLW\RIWKHLQIUDVWUXFWXUHVLVQRWUHDFKHG
DQGFRQVHTXHQWO\WKHVSHHGDQGHPLVVLRQIDFWRUVUHPDLQUHODWLYHO\VWDEOH

7KXVLWLVUHDVRQDEOHWRDVVXPHWKDWLQWHUPVRIWRWDOHPLVVLRQVWKHPDLQLPSDFWVDUHUHODWHGWRWKH
YHKLFOHVWKDWSUHYLRXVO\XVHG$EXWDIWHUWKHLQWURGXFWLRQRIWROOVPD\KDYHPRYHGWRRWKHUURXWHVZLWK
GLIIHUHQW HPLVVLRQV SURILOHV 7DEOH  VKRZV WKH HVWLPDWLRQ RI GDLO\ GLIIHUHQFHV LQ WRWDO HPLVVLRQV DIWHU
LQWURGXFWLRQRI WROOVZKLFK LVEDVHGRQ WKHHTXDWLRQ IRUDOOSROOXWDQWV 6LQFH LW LVXQFOHDUKRZPDQ\
GULYHUV KDYH GLYHUWHG WR QDWLRQDO URDGV HPLVVLRQV FKDQJHV ZHUH FDOFXODWHG DFFRUGLQJ GLVWLQFW WUDIILF
UHGXFWLRQ OHYHOV ,WZDV FRQVLGHUHG WKDW WKH WUDIILF YROXPH GLYHUVLRQ IURP$ZDV HTXDOO\ GLVWULEXWHG
DPRQJ1DQG1

(%L [L\L]LN(L$3+%[L\L]LN(L$13+     

($L [LN(L$3+$[LN(L$13+WU>\LN(L13+$\LN(L113+
]LN(L13+$]LN(L113+@        

(&L (%L($L          

:KHUH
L±6HFWLRQL6WR6
(%L'DLO\(PLVVLRQEHIRUHWROOLQWURGXFWLRQRQVHFWLRQL
($L'DLO\(PLVVLRQVDIWHUWROOLQWURGXFWLRQRQVHFWLRQL
(&L'DLO\(PLVVLRQFKDQJHRQVHFWLRQL
(L$YHUDJHWRWDOHPLVVLRQVRQVHFWLRQ³L´RQ5RXWH$$11GXULQJ13+3+%3+$
N±7UDIILF9ROXPH5DWLRDW3HDNKRXU 3+$'7
WU7UDIILFUHGXFWLRQWUDQVIHUVWRSXEOLFWUDQVSRUWDQGFDQFHOOHGWULSV
[L±(VWLPDWHG$'7WKDWXVHGWRWUDYHORQVHFWLRQVLRI$DQGFKDQJHGWR$
\L(VWLPDWHG$'7YROXPHWKDWXVHGWRWUDYHORQVHFWLRQVLRI$DQGFKDQJHGWR1
]L(VWLPDWHG$'7YROXPHWKDWXVHGWRWUDYHORQVHFWLRQVLRI$DQGFKDQJHGWR1
7U±(VWLPDWHG$'7YROXPHWKDWXVHGWRWUDYHORQVHFWLRQVLRI$DQGFKDQJHGWRRWKHUPRGHVRUKDYH
FDQFHOOHGWKHWULS






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7DEOH(VWLPDWHGQHWFKDQJHVLQGDLO\HPLVVLRQVDIWHUWKHLQWURGXFWLRQRIWROOVE\VHFWLRQDFFRUGLQJWRGLIIHUHQWVFHQDULRVRIWUDIILF
UHGXFWLRQ

7UDIILFUHGXFWLRQVFHQDULRV2$OOWUDIILFWKDWGLYHUWHGIURPPRWRUZD\VVKLIWHGWRWKH1DQG13HUFHQWDJH
RIWUDIILFWKDWGLYHUWHGIURP$VHFWLRQLEXWGLGQRWVHOHFW1RU1FKRRVHRWKHUPRGHVRUFDQFHOOHGWKHWULS

5HJDUGLQJ&2HPLVVLRQVDQGIXHOFRQVXPSWLRQWKHLQWURGXFWLRQRIWROOVKDVFDXVHGDQHJDWLYHLPSDFW
RQ WKHVHSDUDPHWHUV  ,QVHFWLRQVDQGHYHQZLWKDK\SRWKHWLFDOGHFUHDVH LQ WUDIILFYROXPH WKH
HPLVVLRQVZRXOGLQFUHDVH7KHVHVHFWLRQVDUHSDUWLFXODUO\VHQVLWLYHEHFDXVHWKHUHLVDQKLJKHUGHQVLW\RI
LQWHUVHFWLRQVDQGWUDIILFOLJKWVOHDGLQJWRWKHLQFUHDVHRIWKHIXHOFRQVXPSWLRQDQG&2HPLVVLRQV7KHODVW
FROXPQRI WDEOH VKRZV WKH HVWLPDWLRQRIDQQXDOFRVWV UHODWHG WR WKHFKDQJH LQ WKH WUDIILFGLVWULEXWLRQ
7KLVHVWLPDWLRQZDVEDVHGRQWKHDYHUDJHJDVROLQHDQGGLHVHOSULFHVLQ3RUWXJDORQWKHVWRI6HSWHPEHU
,WLVFOHDUWKDWWKHLQWURGXFWLRQRIWROOVOHDGVWRWKHGHFUHDVHRIORFDOSROOXWDQWVHPLVVLRQVQDPHO\
12;DQG&2ZKLFKLVFRQVHTXHQFHRIOHVVWUDIILFFLUFXODWLQJRQPRWRUZD\V,WVKRXOGEHQRWHGWKDW WKH
GLIIHUHQFHVLQVHFWLRQDQGZHUHPLQLPL]HGEHFDXVHDVLJQLILFDQWYROXPHRIWUDIILFKDVFKDQJHGWR$
ZKHUH VSHHG OLPLW LV KLJKHU WKDQ$ NPK $ NPK $ OHDGLQJ WR DQ LQFUHDVH LQ ORFDO
SROOXWDQWV HPLVVLRQV  )LJXUH  VKRZV WKH UHODWLYH LPSDFW RI WROOV LQWURGXFWLRQ DQG GLIIHUHQW OHYHOV RI
WUDIILFUHGXFWLRQVFRQVLGHULQJDOOVHFWLRQV






)LJ5HODWLYHFKDQJHVLQHPLVVLRQVGXHWRWROOVRQDOOURXWHVIRUGLIIHUHQWOHYHOVRIWUDIILFUHGXFWLRQ
6LQFHLWZDVGHPRQVWUDWHGWKDWDWGLIIHUHQWSHULRGVZLWKGLIIHUHQWWUDIILFYROXPHVHPLVVLRQVGLGQRW
YDU\VXEVWDQWLDOO\ LWZDVDVVXPHG WKDW LQ WKHVHFWLRQVDQDO\]HG WKHHPLVVLRQVYDU\ OLQHDUO\ZLWK WUDIILF
YROXPH 5HJDUGLQJ&2 HPLVVLRQV RQO\ IRU WUDIILF UHGXFWLRQYDOXHVKLJKHU WKDQ LW LV SRVVLEOH WR
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XSWRIRU&2DQGIRUORFDOSROOXWDQWV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&RQFOXVLRQV
7KLVSDSHUSURYLGHVDQHPSLULFDODVVHVVPHQWRIWKHLPSDFWRIWROOVLQWURGXFWLRQRQDQLQWHUFLW\FRUULGRU
%DVHG RQ VHFRQGE\VHFRQG YHKLFOH G\QDPLFV GDWD FROOHFWHG LPPHGLDWHO\ EHIRUH DQG DIWHU WROOV
LQWURGXFWLRQHPLVVLRQVDQGIXHOFRQVXPSWLRQIRUDJHQHULFOLJKWSDVVHQJHUYHKLFOHZHUHHVWLPDWHG7KHQ
WDNLQJLQWRDFFRXQWWKH$'7GDWDIURPPRWRUZD\VDQH[WUDSRODWLRQRIWRWDOHPLVVLRQVFKDQJHZDVGRQH

0RUHWKDQWKHSHULRGRIWKHGD\SHDNDQGQRQSHDNDQGWKHSUHVHQFHRUDEVHQFHRIWROOVWKHVHOHFWLRQ
RI D VSHFLILF URXWH KDV VKRZQ WR EH WKH PRVW LPSRUWDQW IDFWRU UHJDUGLQJ WKH HPLVVLRQV IDFWRUV RQ WKH
DQDO\VHG VHFWLRQV 6HHPLQJO\ DOWKRXJK  YHKLFOHV SHU GD\ KDYH VKLIWHG IURP $ WR DOWHUQDWLYH
URXWHVDQGPRGHVWKHQHZWUDIILFGLVWULEXWLRQDIWHUWKHLQWURGXFWLRQRIWROOVKDGQRVLJQLILFDQWLPSDFWRQ
WKHSHUIRUPDQFHRIQHWZRUNLQWHUPVRIVSHHGVWUDYHOWLPHVDQGHPLVVLRQVIDFWRUV7KXVLQWHUPVRIWRWDO
HPLVVLRQV WKH PDLQ FKDQJHV DUH WKH UHVXOW RI WKH WUDIILF GHYLDWLRQ IURP $ WR WKH DOWHUQDWLYH URXWHV
6LQFHLWLVXQFOHDUWKHYROXPHRIWUDIILFUHGXFWLRQFDXVHGE\WKHLQWURGXFWLRQRIWROOVGLIIHUHQWVFHQDULRV
RI WUDIILF UHGXFWLRQZHUHSHUIRUPHG ,WZDV IRXQG WKDW XQOHVV WKHUHZDVD VLJQLILFDQWGHFUHDVH LQ WUDIILF
YROXPH KLJKHU WKDQ&2HPLVVLRQVDQGHQHUJ\FRQVXPSWLRQPD\ LQFUHDVHXS WR)RU ORFDO
SROOXWDQWVDVLJQLILFDQWGHFUHDVHEHWZHHQDQGLVH[SHFWHGFRQVLGHULQJRQO\WKHWUDIILFYROXPH
WKDWOHIWWKH$

$V IXWXUH ZRUN WKH LPSDFW RQ DLU TXDOLW\ QDPHO\ WKH SROOXWDQWV FRQFHQWUDWLRQ DW FULWLFDO ORFDWLRQV
PRVWGHQVHO\SRSXODWHGDUHDVZLOOEHDVVHVVHG ,W VKRXOGEHQRWHG WKDWDOWKRXJK WKH WRWDOHPLVVLRQVRI
ORFDOSROOXWDQWVDUHORZHUGXHWRWROOVLQWURGXFWLRQWKHQHZSODFHVZKHUHWKH\DUHSURGXFHGZRXOGEHDQ
LPSRUWDQWIDFWRUWRHYDOXDWHXVLQJDLUTXDOLW\GLVSHUVLRQPRGHOV)XUWKHUUHVHDUFKVKRXOGEHFRQGXFWHGLQ
RUGHU WR LQFUHDVH WKH GHWDLO LQ YHKLFOHV FDWHJRULHV HQJLQH VL]H DQG WHFKQRORJ\ DQG WR DVVHVV WKH
HPLVVLRQV LPSDFWRIRWKHUYHKLFOHVFDWHJRULHV$ WUDIILFPRQLWRULQJFDPSDLJQRQQDWLRQDO URDGVZLOOEH
FRQGXFWHG WR LQFUHDVH WKH DFFXUDF\ RI WKH HVWLPDWLRQ ,W ZRXOG EH DOVR LQWHUHVWLQJ WR DVVHVV SRWHQWLDO
HFRQRPLF LPSDFWV UHODWHG ZLWK IXHO LPSRUWV KLJKHU WUDYHO WLPHV DQG RWKHU H[WHUQDOLWLHV DIIHFWLQJ WKH
HFRQRPLFJURZWK
$FNQRZOHGJHPHQWV
7KH DXWKRUV DFNQRZOHGJH WR 7R\RWD &DHWDQR 3RUWXJDO 7KLV ZRUN ZDV SDUWLDOO\ IXQGHG E\ )('(5
)XQGV WKURXJK WKH2SHUDWLRQDO 3URJUDP ³)DFWRUHV GH&RPSHWLWLYLGDGH ±&203(7(´ DQG E\1DWLRQDO
)XQGV WKURXJK )&7 ± 7KH 3RUWXJXHVH 6FLHQFH DQG 7HFKQRORJ\ )RXQGDWLRQ ZLWKLQ WKH SURMHFWV
37'&6(175$ DQG 37'&6(175$ DQG )/$' ± /XVR $PHULFDQ
)RXQGDWLRQIRUWKH3URMHFWZLWKLQWKHSURJUDP)/$'16)±³3URMHFW86$1HWZRUNVDQG
3DUWQHUVKLSVIRU5HVHDUFK´0&&RHOKRDQG-%DQGHLUDDOVRDFNQRZOHGJHWKHVXSSRUWRI)&7IRUWKH
6FKRODUVKLSV 6)5+%' DQG 6)5+%3' 7KH FROODERUDWLRQ EHWZHHQ 'UV
&RHOKRDQG.KDWWDNZDVXQGHUWKHDXVSLFHVRIWKH/XVR$PHULFDQ7UDQVSRUWDWLRQ,PSDFWV6WXGLHV*URXS
/$7,6*




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